Aim: To date, there is no consensus on which set of variables should be used to identify older persons at risk of disability in activities of daily living. The present study aimed to: (i) evaluate how different deficits cluster in a population of community-dwelling older persons; and (ii) investigate whether the discriminative capacity of physical performance measures towards the development of disability might be improved by adding psychological, social and environmental indicators.
Introduction
Frailty is a clinical condition characterized by reduced capacities in multiple physiological systems, determining a state of increased vulnerability to stressors and susceptibility to adverse health outcomes (e.g. functional decline, falls, hospitalization, death). 1 The concept of frailty has gained importance over the past decade because of the population aging, and the pressing need to prevent late-life disability and its burdening consequences. Early interventions might be beneficial for both improving the quality of life of older adults and reducing the costs of care. 1, 2 Several operational definitions of frailty have been proposed. 3, 4 Each instrument is based on the evaluation of a combination of different deficit indicators that, if present, poses the individual at risk of adverse outcomes. Some authors recognized frailty mainly as a biological syndrome, proposing physical signs and/or symptoms as diagnostic criteria. In this category falls the well-known frailty phenotype (FP), which is based on the evaluation of five criteria focused on the physical domain (i.e. mobility, strength, nutritional status, energy, physical activity). 5 The FP is widely used for research purposes and is suitable in clinics, as it is constituted by easily accessible measures that have been associated with negative outcomes in older persons (including incident disability, death and hospitalization). 5, 6 Other researchers, instead, have proposed the addition of several domains to the physical one in order to better capture the older adults at risk of adverse outcomes, in line with the view of frailty as a multidimensional condition. For instance, Gobbens et al. underline that the syndrome is characterized by losses in one or more domains of human functioning (physical, psychological, social), which is caused by the influence of a range of variables and increases the risk of adverse outcomes. 7 This broader approach implies that a narrow definition of frailty (only focused on physical indicators) might provide only a partial evaluation of the individual's risk profile, potentially affecting the quality of care. 8 Indeed, successful aging is not only dependent on the physical domain, but also on the mood status, the integrity of a social network, environment and housing conditions. Based on these assumptions, multiple operational definitions of frailty (e.g. the Tilburg Frailty Indicator, the Groningen Frailty Indicator, the Comprehensive Frailty Assessment Instrument) have been developed, expanding the assessment of frailty to the physical, psychological, environmental and social domains. A relevant issue regarding these frailty assessment instruments regards their ability to predict adverse outcomes: although it is better for the multidimensional questionnaires than for the FP, it seems to be still suboptimal. [9] [10] [11] [12] Furthermore, to date, most research on frailty assessment instruments has reported relative measures of association with disability, where few data are available about the prognostic performance of the scales. A strong statistical association between a marker and an outcome does not necessarily imply that the marker can effectively identify people who will develop the outcome. For these reasons, the set of factors that actually contribute to the identification of frail older adults at risk of disability is still unknown.
In the present study, we evaluated how several deficits conceptually belonging to different domains (physical, psychological, social, environmental) actually cluster in a cohort of community-dwelling older persons. We also investigated whether a multidimensional approach might increase the prognostic and discriminative capacity of physical performance measures towards incident disability.
Methods

Data source
We used data from the "Invecchiare in Chianti" study, a representative population-based study, which was designed to investigate the factors contributing to the decline of mobility in older persons. 13 The participants in the study were randomly selected from the populations of two town areas in the Chianti region: Greve in Chianti and Bagno a Ripoli (Tuscany, Italy). The study protocol was approved by the Italian National Institute of Research and Care on Aging ethical committee. The eligible participants were interviewed at their homes by trained study researchers using a structured questionnaire aimed at investigating their health status, physical and cognitive performance, and other factors possibly related to loss of independence in late life. The interview was followed by a physical examination at the study clinic. Comorbid diseases were ascertained examining clinical history and medical records. The first wave of the study started in 1998 and participants were followed up with evaluations every 3 years.
Definition of deficits
Deficit indicators were selected based on a literature search and were adapted according to the data collected in the "Invecchiare in Chianti" database. Among the physical deficits, we included the modified Fried's criteria 5 and impaired balance, 14, 15 which were defined as follows. Unintentional weight loss was defined as a reduction in weight >4.5 kg in the past 12 months. Exhaustion was described as a feeling of requiring an effort to do everything, and was considered present if the participant reported it for >3 or 4 days in the past week. Reduced physical activity was defined as having carried out <2-4 h of light exercise per week. Walking speed was evaluated over a 15-feet course with the patient taking two walks at their usual pace. The mean of the two walks was considered, and those with a walking speed below the lowest sex-and height-specific quintiles were considered slow walkers. Using a handheld dynamometer, we measured grip strength of the dominant limb. The average of two measurements was used, and those with results lower than the sex-and body mass index-specific quintiles were considered as having poor muscle strength. Balance was measured following the design of the Short Physical Performance Battery. 16 The balance test is composed of three subtests (i.e. side-by-side stand, semi-tandem and tandem) to obtain a score from 0 (worst performers) to 4 (best performers). Impaired balance was defined as a summary score of 0 or 1.
According to literature evidence, psychological deficits selected for the study were cognitive impairment, 17, 18 depressive mood 17 and poor coping ability. 19 A Mini-Mental State Examination score <24 (corrected for education and age) defined cognitive impairment. 20 The Center for Epidemiological Studies Depression scale (20-item version) was used to measure depressive symptoms. 21 A Center for Epidemiological Studies Depression scale cut-point of 16 was used to identify individuals at risk for clinical depression. Poor coping capacity was considered present if the participant had not tried to solve a difficult situation that occurred in the previous 6 months or agreed with one of the two statements "I have no control over what is happening around me" or "I am unable to solve any of my problems."
Finally, social and environmental deficits were also taken into account. 5, 17, 19, 22, 23 Living alone was defined as the absence of any cohabitant. Lack of social support was considered present if participant's relatives or acquaintances were seldom or never available. This indicator was eventually excluded from the analysis, as it was present only in 18 participants (2.5% of the population), and 13 of them were also living alone. Low income was defined as reported financial problems. Architectural barriers were considered present when the participant reported difficulty in using one or more rooms in the house and/or moving from/to the house because of the presence of indoor and/or outdoor physical obstacles.
Performance measures and disability
The widely used Katz Index of Independence in Activities of Daily Living (ADL; including the capacity of independent dressing, moving in and out of bed, using the toilet, washing, eating, and controlling urine and fecal continence) was used to measure the functional status. 24 Incident disability was defined as the loss of at least one ADL occurring during the study follow up.
Sample selection
From the original study population (n = 1308), we selected 1026 participants aged ≥65 years. Then, participants with missing values for any deficit measures (n = 226) and those with no follow-up information (n = 67) were excluded, identifying a cohort of 733 individuals. The 67 participants lost during the follow up were older, were more likely to be frail (52% had reduced gait speed vs 20% of the remaining cohort) and 53 of them died before the 3-year follow-up visit. As the aim of the present study was to examine the factors contributing to incident ADL disability, we excluded a small sample of 24 individuals with impairment in one or more ADL at baseline, leaving the analytic sample to 709 individuals. Disabled individuals at baseline had a mean of 1.8 impaired ADL and had similar characteristics compared with the selected cohort, with the exception of older age (mean age 77.8 vs 73.4 years).
Statistical analysis
Descriptive statistics were used to present demographic characteristics of the study population and the prevalence of deficits. We carried out a hierarchical cluster analysis to group the deficit indicators without any a priori hypothesis. Cluster analysis is a multivariate analysis that attempts to form "clusters" of objects that are "similar" to each other but differ among clusters. On the basis of clusters of variables, we then divided the study population into groups. We therefore examined the prognostic capacity of each group by calculating relative risks for incident disability. The discriminative capacity was evaluated calculating the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for the same outcome.
Statistical analyses were carried out using R 3.1 for Linux (R Foundation for Statistical Computing, Vienna, Austria).
Results
The population included 709 older persons (mean age 73.4 years, SD 6.5, 56.3% women). The general characteristics of the population are reported in Table 1 . At baseline, more than half of the participants suffered from hypertension, approximately one-third had osteoarthritis and chronic renal failure, 20% of the population was diagnosed with heart failure, while the prevalence of diabetes mellitus, peripheral artery disease and chronic obstructive pulmonary disease was approximately 10%. Compared with the fit group, participants who became disabled at follow up were more likely to be female and had a higher prevalence of chronic illnesses, with the exception of diabetes mellitus and chronic obstructive pulmonary disease, whereas cancer was more prevalent among non-disabled participants.
In Table 2 we reported the prevalence of the selected deficits. According to the FP, 5.9% of the baseline sample was frail: this prevalence increased to 19.6% among people who became disabled at follow up. Among Fried et al.'s criteria, weight loss had a low prevalence (4.9%), which was not higher among people who lost one or more ADL at follow up. Similarly, there was no statistical significant difference between the groups for reported exhaustion. As expected, all the remaining deficits had a higher prevalence among people who developed disability at follow up with the exception of low income and living alone. More that 40% of the entire cohort reported to have coping problems, nearly 30% had cognitive decline and 20% lived alone.
As shown in Figure 1 , the cluster analysis of the deficits revealed two clusters. The "physical" cluster combined physical and environmental deficits: weight loss, poor grip strength, slow gait speed, low physical activity, presence of architectural barriers and impaired balance; the "psychosocial" cluster included six deficits: depressive symptoms, poor coping capacity, cognitive impairment, exhaustion, living alone and financial difficulties. As expected, in the "physical" cluster, there is a close link among all the variables, in particular grip strength, physical activity and walking speed; in the "psychosocial" cluster, depression and coping problems are closer to cognitive decline than to other deficits (Fig. 1) . Once the results of the cluster analysis were obtained, four groups of participants were then identified: (i) the "fit" group, including individuals with no deficit (n = 142); (ii) the "physical deficit" group, individuals with at least one physical deficit indicator (n = 53); (iii) the "psychosocial deficit" group, including individuals with at least one psychosocial deficit (n = 280); and (iv) the "mixed deficit" group, consisting of individuals with deficits included in both clusters (n = 234).
Over the 6 years of follow up, 92 participants reported incident ADL disability. Compared with the "fit" group, the relative risks of becoming disabled in the "physical," "psychosocial" and "mixed" deficit groups were 2.23 (95% CI 0.71-7.00), 1.52 (95% CI 0.62-3.75) and 6.37 (95% CI 2.83-14.33), respectively.
The predictive capacity of this classification is summarized in Table 3 . The probability that a participant in the "physical deficit" group would develop a disability was 9.4% (PPV), whereas the probability of no ADL disability for a participant in the "fit" group was 86.7% (NPV). The corresponding values for the "psychosocial deficit" and "mixed deficit" groups were PPV 6.4% and Creatinine clearance was estimated by the Cockcroft-Gault equation. Table 2 Prevalence of deficits in the baseline population, and among the disabled and non-disabled participants at 6-year follow up †
All
Non-disabled at follow up Disabled at follow up P-value NPV 82.7%, and PPV 26.9% and NPV 93.4%, respectively (Table 3) . Similar results were found when analyzing the predictive value of the classical FP.
Discussion
In the present study, we analyzed how several deficits pertaining to physical, psychological, social and environmental domains cluster in a representative population of community-dwelling older persons. We obtained two clusters of deficits: one composed of measures regarding the physical domain and the other gathering psychological, social and environmental measures. When deficits belonging to both clusters were present, the risk of developing disability was greater.
The present findings support the theory that both physical and psychosocial deficits might contribute to the definition of frailty. 4, 7, 25, 26 Frailty is a dynamic condition exposing older persons to an increased risk of disability and adverse outcomes. An approach focused on the physical issues and underestimating the multidomain complexity of the individual might insufficiently capture the frailty condition, misclassifying the individuals potentially amenable to ad hoc preventive interventions. Indeed, psychological, social and environmental factors are all associated with dependency in later life; therefore, deficit in these domains could contribute to defining the frailty syndrome. 5, 17, 19, 22, 23, 27 The present results show that the abnormalities in the physical domain are not significantly associated with an increased risk of incident disability. This finding might seem in contrast with available literature reporting physical impairment (especially slow gait speed) as strongly and independently associated with adverse outcomes. 28, 29 However, it must be noted that the strength of the association reported in the present study is similar to that reported in the literature. It is likely the small number of participants included in the "physical deficit" group (n = 53) and the low incidence of outcome in the sample (13%) might have limited the statistical power of the analysis.
Interestingly, four of the Fried's criteria clustered in the "physical" deficit group, whereas the "exhaustion" criterion was part of the psychosocial cluster. This might be (at least partly) due to the fact that the exhaustion criterion was derived by questions retrieved from a scale measuring depressive symptoms (i.e. Center for Epidemiological Studies Depression scale), thus a domain different from the physical one.
Although the FP is able to explore mainly the physical domain of frailty, a recent study reported that, in a cohort of 8684 community-dwelling older people, the 30 These data are consistent with the present finding that the FP includes markers clustering into two different groups.
The present data confirm that the predictive ability of commonly used deficit indicators remains relatively poor. The probability of becoming disabled among people identified at risk according to the presence of physical and/or psychosocial deficits is relatively low, and none of the markers can singularly be used as a screening test for this syndrome. In fact, the PPV was higher when physical and psychosocial deficit indicators were simultaneously considered (PPV 27%), but still far from providing a sufficient detection. This finding is consistent with previous literature showing that commonly used frailty assessment instruments are not particularly sensitive at identifying older persons at risk of negative health-related events. 9, 10 The available instruments might be rather used for detecting fit individuals, due to the high specificity. Improving the predictive validity of current instruments is thus necessary in order to plan effective interventions aimed at preserving independent function in later life.
A limitation of the present study might arise from the relatively small size of the whole sample (709 participants) and of each group, which could explain the nonsignificant association with incident disability (with the exception of the mixed deficit group). Second, the relatively low prevalence of the outcome (13%) could have affected sensitivity and PPV, which was low for incident disability among all three groups (physical, psychosocial and mixed). However, similar results (PPV 0.38) would have been reported for the "mixed" deficit group, even in a hypothetical scenario with 20% of incident disability.
In conclusion, the results of the present analysis let us identify different risk "profiles" for incident disability among community-dwelling older people, in particular a group mainly characterized by physical deficits and another identified by a psychosocial impairment. These findings are in line with previous recommendations describing frailty as a multidimensional phenomenon, thus requiring individualization of its management. Unfortunately, even when applying more holistic parameters for detecting frailty, the predictive capacity remains inadequate. Specific research should be continued in the field in order to enrich or modify the current operational definitions of frailty with the aim of improving the capacity to discriminate the older persons in the need of preventive actions. In particular, more attention should be given to latent and still unrecognized factors, such as interaction with the healthcare system, incident life events and biomarkers of frailty, that might contribute to disability and should be necessarily included in the definition of frailty.
